Abstract-The wireless sensor networks (WSNs) is a power constrained system, since nodes run on limited power batteries which shorten its lifespan.The main challenge facing us in the design and conception of Wireless Sensor Networks (WSNs) is to find the best way to extend their life span. The clustering algorithm is a key technique used to increase the scalability and life span of the network in general. In this paper, we propose and evaluate a distributed energy-efficient clustering algorithm for WSNs. This heterogeneous-energy protocol is a new clustering algorithm to decrease probability of failure nodes and in which we introduce the node's remaining energy so as to determine the cluster heads. We study the impact of heterogeneity of nodes on WSNs that are hierarchically clustered. Finally, simulation results show that the proposed algorithm increases the life span of the whole network and performs better than LEACH and EEHC according to the metric:first node dies.
I. INTRODUCTION
Continued enhancement of Micro-Electro-Mechanical Systems (MEMS) and wireless communication technologies have enabled the deployment of large scale wireless sensor networks (WSNs). It comprises a big number of sensor nodes deployed in ad hoc manner in an unreachable field to give the end-user the ability to instrument, observe, and react to events and phenomena in a specified environment. WSNs provide unforeseen applications: ranging from military applications such as battlefield mapping and target surveillance, to creating context-aware homes; the number of applications is endless [1] , [2] , [3] .
Since they are exposed to atrocious and dynamic environments and limited in their energy level, processing power and sensing ability, WSNs must deliver only processed and concise data. Therefore, any inefficient use of these WSNs leads to a poor performance and consequently a short life cycle. Routing techniques are the most important issue for networks where resources are limited. [4] , [5] , [6] In most of the applications, sensors are supposed to spot the events and then send the collected data to the Base Station (BS) where parameters characterizing these events are evaluated. Since the cost of forwarding data is higher than computation, [1] , [2] , [5] , clustering sensors into groups so as to communicate information only to cluster heads which communicate information to the processing center (BS), is a kind of key technique used to reduce energy consumption and then increase the life span of the network [6] , [7] .
In this respect, there are two types of schemes that operate differently. The conventional centralized algorithms operate with a global knowledge of the whole network and any error in transmission or a failure of a critical node will potentially bring about a serious protocol failure; whereas the distributed algorithms are executed locally with partial nodes, which can prevent any failure caused by a single node [6] , [7] , [8] , [9] , [10] .
In this paper, we propose a new energy-efficient cluster head selection algorithm to reduce energy consumption dubbed EASM. This heterogeneous-energy protocol decreases the probability of failure nodes and in which we introduce the node's remaining energy so as to determine the future cluster heads.
The operation of this algorithm is divided into rounds. Each of these rounds consists of a set-up and a steady-state phase. During the set-up phase cluster-heads are determined and the clusters are organized. During the steady-state phase data transfers to the base station occur. This protocol is proposed to increase the whole network life span on a heterogeneous network with a BS located far away from the sensor area.
The remainder of this paper is organized as follows. Section II presents the related work and describes the heterogeneous WSN model. Section III exhibits the details and analyzes the properties of the newest one. Section IV evaluates the performance of our protocol by simulations and compares it with other existing protocols. Finally, Section V gives concluding remarks.
II. PROBLEM OUT LINE

A. Related Work
In most WSN applications the power supply is limited, so preserving the consumed energy of the network is a challenge that must be considered when developing a routing protocol for WSNs.
A comprehensive survey of the routing protocols for WSNs can be found in [11] . In general, these protocols can be categorized into two classes according to the node's participating style: flat protocols and clustering protocols. Those in [12] , [13] , [14] , [15] belong to the first class.The second class can be also categorized into two subclasses: the clustering algorithms applied in homogeneous networks are called homogeneous schemes, where all nodes have the same initial energy and the clustering algorithms applied in heterogeneous networks are referred to as heterogeneous clustering schemes, where all the nodes of the sensor network are equipped with different amounts of energy.
Many homogeneous clustering algorithms exist in literature such as LEACH [6] , PEGASIS [16] , HEED [17] and RE-LEACH [18] . Low-Energy Adaptive Clustering Hierarchy (LEACH), which is one of the most fundamental protocol frameworks in the literature, utilizes randomized rotation of the Cluster-Heads (CHs) to uniformly distribute the energy budget across the network. The sensor nodes are grouped into several clusters and in each cluster, one of the sensor nodes is selected to be CH. Each node will transmit its data to its own CH which forwards the sensed data to the BS finally. Both communications between sensor nodes and CH and that between CHs and the BS are direct, singlehop transmission. Based on the framework of LEACH, several protocols are proposed in the open literature. In [16] , a scheme called Power-Efficient GAthering in Sensor Information System (PEGASIS) is proposed. In this system, each node communicates only with a close neighbor and takes turns transmitting to the BS, thus reducing the amount of energy spent per round. In [16] , nodes will be organized to form a chain, which can be computed by each node or by the base station. The requirement of global knowledge of the network topology makes this method difficult to implement. In [17] , HEED is a distributed clustering algorithm, which selects the cluster-heads stochastically. The election probability of each node is correlative to the residual energy. But in heterogeneous environments, the low-energy nodes could own larger election probability than the high-energy nodes in HEED.
WSNs are more possibly heterogeneous networks than homogeneous ones. Thus, the protocols should be fit for the characteristic of heterogeneous WSNs. Many heterogeneous clustering algorithms exist in literature such as SEP [8] , M-LEACH [19] , EECS [20] , LEACH-B [21] , DEEC [9] and SDEEC [22] . The EECS [20] protocol elects the cluster-heads with more residual energy through local radio communication. In cluster formation phase, EECS considers the tradeoff of energy expenditure between nodes to the cluster-heads and the cluster-heads to the base station. But on the other hand, it increases the requirement of global knowledge about the distances between the cluster-heads and the base station. The EEHC [23] protocol is developed for the 3-level heterogeneous networks, which include three types of nodes according to the initial energy, i.e., the super nodes, the advance nodes and the normal nodes. The rotating epoch and election probability is directly correlated with only the initial energy of nodes. EEHC performs poorly when heterogeneity is a result of operation of the sensor network.
In this paper, we also focus on the design of power efficient network layer solutions. Our work is inspired by the previous approaches, but it differs by designing the protocol with the integration of the cross-layer design principle which is proven to be a pertinent method to meet the challenges of power-constrained WSNs. The EAMS protocol assigns different epoch of being a cluster-head to each node according to the initial and residual energy. A novel clustering-based routing protocol proposed in this paper improve the effective life span of the WSNs with a limited energy supply.
EASM is an energy-aware scheme clustering used in heterogeneous wireless sensor networks. In witch, every sensor node independently elects itself as a cluster-head based on its initial energy and residual energy. To control the energy expenditure of nodes by means of adaptive approach, our algorithm use the orientation to BS to transmit the sensing data, and doesn't require any global knowledge of energy at every election round.
B. Heterogeneous WSN model
In this study, we describe the network model. Assume that there are N sensor nodes, which are uniformly dispersed within an M × M square region (Fig. 1) .
The nodes always have data to transmit to a base station, which is often far from the sensing area. The network is organized into a clustering hierarchy, and the cluster-heads execute data aggregation to reduce redundant data produced by the sensor nodes within the clusters.
We consider the heterogeneous networks with nodes heterogeneous in their initial amount of energy. We assume there are three types of sensor nodes, i.e.,the super nodes, the advanced nodes and the normal nodes [23] . Note E 0 the initial energy of the normal nodes, and m the fraction of The total initial energy of the three-level heterogeneous networks is given by:
The cluster-heads (Fig. 2) transmit the aggregated data to the BS directly. We assume that the nodes are stationary as supposed in [7] . More interestingly, a similar energy model as proposed in [7] is used in this study. According to the radio energy dissipation model illustrated in (Fig. 3) , and in order to achieve an acceptable Signal-to-Noise Ratio (SNR) in transmitting an L-bit message over a distance d, the energy expended by the radio is given by :
Where E elec is the energy dissipated per bit to run the transmitter E T x or the receiver E Rx circuit, and ε f s and ε mp depend on the transmitter amplifier model used and d is the distance between the sender and the receiver.
In most WSN applications the power supply is limited, so preserving the consumed energy of the network is a challenge that must be considered when developing a routing protocol for WSNs. In the next section, we describe the EASM algorithm in details.
III. EXPLANATION OF THE PROPOSED PROTOCOL: (EASM)
We assume a network with N nodes uniformly deployed within M× M square region, the network topology remains stagnant over time and the BS location is known. In EASM, a new optimal probability threshold is introduced, where each node i uses to determine whether itself to become a clusterhead in each round r , given as follows:
Where E residual (r i ), E initial (i) are the residual and the initial energy respectively. p i is the cluster-head probability and r i is the number of consecutive rounds in which a node has not been cluster-head within an epoch.
When r i reaches the value 1/p opt the threshold T (i) opt is reset to the value it had before the inclusion of the remaining energy into the threshold-equation ( 3) .
Also, the probabilities for normal, advanced and super nodes are defined as follow:
where m is the fraction of the total nodes N, and m 0 is the percentage of the total number of nodes m which are equipped with β times more energy than the normal nodes; The rest nodes are equipped with α times more energy than the normal nodes. In each round r, when node i finds it is eligible to be a cluster head, it will choose a random number between 0 and 1. If the number is less than threshold T opt (i), the node i becomes a cluster head during the current round.
Each node that has elected itself a cluster-head for the current round broadcasts an advertisement message to the rest of the nodes. For this "cluster-head-advertisement" phase, the cluster-heads use a CSMA MAC protocol, and all cluster-heads transmit their advertisement using the same transmitted energy. The non-cluster-head nodes must keep their receivers on during this phase of set-up to hear the advertisements of all the cluster-head nodes. After this phase is complete, each non-cluster-head node decides the cluster to which it will belong for this round. This decision is based on the received signal strength of the advertisement. Assuming symmetric propagation channels, the cluster-head advertisement heard with the largest signal strength is the cluster-head to whom the minimum amount of transmitted energy is needed for communication. In the case of ties, a random cluster-head is chosen [6] . Each non cluster head node communicates its data during its allocated transmission time (TDMA) to its own cluster head. After that, each non cluster head can turn on the sleep mode. The cluster head node must keep its receiver on in order to receive all the data from the nodes in the cluster.
When all the data is received, the cluster head node performs signal processing functions to compress the data into a single signal. When this phase is completed, each cluster head can send the aggregated data to the BS.
IV. SIMULATION
In this section, we evaluate the performance of EASM protocol. We consider a WSN with N = 100 nodes randomly distributed in a 100m × 100m sensing area. We assume the BS is far away from the sensing region and placed at location(x = 50; y = 175). The nodes in the network are divided in three heterogenous energy levels and are energyconstrained.
To compare the performance of EASM with other protocols, The radio parameters used in our simulations are shown in TABLE I. We assume that all nodes know their location coordinates. We will consider the following scenarios and examine several performance measures.
After deployment of WSN, the nodes consume energy during the course of the WSN life span. In fact, energy is removed whenever a node transmits or receives data and whenever it performs data aggregation. Once a node runs out of energy, it is considered dead and can no longer transmit or receive data.
Firstly, we run simulation for our proposed protocol EASM to detect the round when the first node dies and compare the results to LEACH and EEHC protocols under two kinds of 3-level heterogeneous networks . Figure Fig. 4 Second, we run simulation for our proposed protocol EASM to compute the round when the first node dies when α = 2,m = 0.3,β = 5 and m 0 = 0.6, and compare the results to LEACH and EEHC protocols. Fig.5 shows the number of rounds when the first node dies. For EEHC, the stability period of EEHC is much longer than that of LEACH. Though achieves the stability period longer by about 37% than LEACH (see Fig.4 and 5) . This is because EEHC is an energy-aware protocol, which elects the cluster-heads according to the residual energy of nodes.
Being also an energy-aware protocol, EASM outperforms other clustering protocols. In fact, EASM obtains 19% more rounds than EEHC. Fig. 6 shows the comparison between all nodes in terms of FND and HNA. Obviously, we can remark that our protocol EASM contains a larger period of stability time than LEACH and EEHC, which increases the efficiency of the network. We notice the same results for HNA. A longer stable time metric is important because it gives the end user reliable information of the sensing area, which extend the network lifetime. This reliability is vital for sensitive applications like tracking fire in forests.
Third, we run simulation for our proposed protocol EASM to compute the number of received messages at the BS over energy dissipation and compare the results to LEACH and EEHC protocols. Fig.7 shows that the messages delivered by EASM to the BS are better than the others ones; this means that EASM is an energy-aware adaptive clustering protocol. Fig. 7 . Number of message received at the BS over energy spent Fig. 8 shows the remaining energy over time for all simulated protocols and it reveals that EASM consumes less energy in comparison to the others, which helps to extend the network life span. According to the simulation results, we can obviously state that EASM is a more efficient protocol than LEACH and EEHC, and consequently can be considered as an energy-aware protocol.
V. CONCLUSION
It has been explained in details that EASM is an energyaware adaptive clustering protocol used in Multi-level heterogenous WSNs. To control the energy expenditure of nodes by means of adaptive approach, EASM uses new optimal probability threshold which takes the ratio of residual energy and initial energy into account. In order to increase more the EASM protocol performances, we implemented a dynamic way to distribute the spent energy more equitably between nodes. Thus, saves energy in a better way and consequently increases the life span of the WSNs
To sum up, we can say that the proposed algorithm EASM extends and outperforms better the performances of EEHC protocol.
